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^CLASSIFIED)  ABSTRACT 

''-Caliber  .Ik  spin-stabilized  project  ilea  were  fired  Into  gelatin  and 
measurements  cf  t!v»  loss  iu  velocity  of  the  projectiles  von*  obtained. 
The  yaw  angle  at  impact  and  the  striking  velocity  were  varied were 
related  to  the  energy  absorbed  by  the  gelatin.  The  probability  of  in¬ 
capacitation  as  a  function  of  range  was  computed.  The  effect  of  two 
different  nose  shapes  on  the  probability  of  incapacitation  was  studied. 
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(UNCLAlXJIKIEl)  .  LIST  OF  SYMBOLS 

-  <-mi gy  lout;  of  bullet  In  traversing  the  first  6”  of  gelatin. 
AV  -  velocity  loss  of  bullet  in  traversing  the  first  6"  of  gelatin. 

8  -•  unglo  of  yaw. 

8,  -  angle  of  yaw  at  impact. 


K 

Da 


m 


velocity  of  bullet, 
striking  velocity  of  bullet. 

range. 

density  of  gelutin. 
diameter  of  bullet. 

o 

drag  coefficient,  based  on  d“,  in  gelatin. 

mean  value  of  averaged  over  6"  of  travel  in  gelatin. 

D/a 

drug  coefficient,  based  on  d“,  in  air. 
mass  of  bullet. 

distance  penetrated  in  gelatin, 
probability  that  a  hit  incupueitutes. 
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(CONFIDKNTIAT.)  IHTRODUCTIOK 

Recent  udvances  in  barrel  fabrication  at  the  Springifeid  Arnory 
have  mode  i'eusible  the  production  of  a  few  test  rifle  barrels  of  0.14-ineh 
bore,  theoretically,  the  autj-percr^nei  effectiveness  of  a  small  bullet 
is  attractive-1 .  Consequently,  the  >r1ngfield  Ancory  requested  BRL  to 
investigate  the  capabilities  of  caliber  .14  bullets  against  personnel 
targets.  A  preliminary  investigation  was  made  using  gelatin  targets. 

•file  results  are  given  in  this  report;. 


CONFIDENTIAL 


( eKTRKTj 


ihochdurk  you  wrriMA'Piwj  Tin-:  VAUrK  op  r 

hk 

‘tV  -mt.  J  -|»  'f:A.»uiu* !  effectiveness:  of  a  bullet  depends  on  its  Kill, 
probability  at  viirloii:;  rung'  s.  The  k  t  l.j.  probability  is  the  product  oi* 
ili;  hit.  probabi I- i ty,  which  tv  .ichci'inincd  by  Its  accuracy,  und  the 
prolKihi J.lLy  that,  a  hit  iucu|.ae  i  tut.  s.  In  '.‘e  report  v/c  arc  not  consider¬ 
ing  accuracy.  W.  a.-. •  an v-riie-.i  with1  the  oumutiorial  probability  that  a 

hit  iucupuc i lutes ,  1’... 

’  hk 

In  a  rlrttl-  approximation,  the  va.li.-  ;  •*  S',  ,  for  a  bullet  is  related  to 

hk 

it;;  eiioivy  Los:;,  in  penetrating  gelatin.  i'ius  relation,  I'ivon  by  ."perrozza 
unit  Dr.icmiun'  ,  states  that  tnv  only  r.  giou  oi‘  interest,  is  the  region 
between  t  i.o  L  >  cm  in  gelatin.  h'or  our  bullets,  which  tumble  alter  entering 
gelatin,  tin  energy  loss  over  the  first  centimeter,  where  the  yaw  -is  small, 
j.s  neg.l igibl.  .  (.’uiiseipn •i,t..ly-,  4mve  assumed  tliut  the  energy  loss  over  the 
first  six  inches  is  euual  to  the  .  m.-rcy  Joss  between  i  to  1^>  cm. 

Kent  lias  proposed  tlieoretica.1  !y  ‘  tiiat  the  yaw  angle  at  iuipact  plays 
a  major  role  in  a-.  termini ng  the  rapidity  of  tumbling  in  a  dense  media. 

To  test  tills.  j.i*oo_<;!!l!  ,  sow  pxvl  i miliary  t*  sts  were  iiiade.  Bullets  of 
0.1‘i-iuch  diameter  weri  sliot  into  . ;<  Latin.  'Hie  yaw  angle  ut  impact  wus 
measured  und  the  damage  in  the  gelatin  perpendicular  to  the  path  was  ob- 
seivoii.  'Hie  ivsul  ts,  shown  on  i.'igux*os  1  t  uiu  . siiow  the  great  importance 
of  Ills  initial  yaw  angle,  ■  >..  We  cojiclude  that  the  yuv  angle  at  impact 
affects  the  energy  loss  In  gelatin. 

In  order  to  obtain  the  re.lnl.ionsiiip  between  energy  loss  and  range, 
*>2(r),  four  'inl.oriiti.>i.iute  •  i.u.-.iiip:-.  are  nee-uo.i.  These  are: 

1.  The  eiieri-y  loss  of  tin  hullo,  over  the  first  Cn  of  g- at  in 
as  u  fraction  of  the  striking  velocity,  AK(V  ). 

g.  Tlie  energy  Joss  In  gelatin. its  u  function  of  the  yaw  angle 
at  impact,  AlJ(b .). 

u 

Tlie  yaw  angle  at  I (iQ.nct  as  u  function  of  range,  &c(R). 

Ji.  The  bullet  sir! King  velocity  nr.  a  function  Of  range,  V  (r). 
The  dependence  of  energy  loss  on  striking  velocity  and  impact;  yaw  angle, 
/5£(Vc,&c),  was  iJ>  teroilnea  cxi>ei\i  mentally.  The  tliii*d  relationship  was 
computed  from  data  for  larger  project, lies.  The  loss  in  bullet  velocity 
with  runge  was  obtaineu  by  combi  ning  oxpor  I  men  tai  data  from  vhree  sources. 
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(CONFTI>KNfJAT.)  fflQTOKIMENTAI.  CONDITIONS 
:!JU-r  . ! Ji  ;uni  Carlrld^  Case 


A  special  barn- i ,  :•«"  Lon>:,  with  a  twist  of  I  turn  in  4.2"  was 
tsj’i'i  h'd  "y  d.  '."Jus  Immil  wtw  designed  to  luunch  a  17 -grain 

bul  !«■:  «  mu:*. >  velocity  of  4V>0  ft/sec.  'Jlie  cartridge  case  wac  a 

•nxlii'ird  Hi  ti  in, 'ton  CiU  iliuc  <-asc,-  Figure  'j- 


t’ul  ilK1'1  .1.4  Project  i  let; 

!‘(ie  e;aitH.r  .  1 4  pro jeel.i.Li-a,  Figure  4,  were-  l’ubricuted  from  1020  mild 
steel.  Cotv  wi  icJtL  war  alnnit  1 4 . : •  Copper  plating,  about  .004 

i aches  thick,  on  the  skew*  cor*.-  increased  U»e  projectile  weight  to  about 
3.7  grains. 

For  comparison  of  results,  two  '( .  (jPrmr-  NATO  bullets  were  used.  These 
were  the  l4y-*;ruln  MM)  (loud  core)  iuul  the  l£>9'  (steel  core)  bullets. 

Mango  Cetup 

At  short  ranges,  Multiple  si>ark  shadowgraph  photography  was  used  to. 
obtain  phoLogrui>hs  of  the  projectiles  in  free  fli^it  before  and  after 
impacting  a  \>  >.  (>  a  C  inch  gelatin  block,  figure  From  the  orthogonal 
■iprange  shadowgraphs  immediately  before  impact,  the  angle-  of  yaw  at  impact 
was  obtained.  The  residual  velocity  of  the  projectile  was  determined  from 
the  measured  time  intervul  mid  the  measured  flight  coordinates  of  the 
bullet  in  space  immediately  behind  the  gelatin.  Projectile  velocities  were 
computed  from  the  measured  times  of  1‘lit^it  over  the  9*  and  10*  base  lines, 
Figure  'j,  und  were  corrected  fox'  air  drug  to  obtain  striking  velocities. 


At  ranges  of  100  meters  ox1  more,  three  lumlline  screens  were  used  to 
obtain  the  velocity  before  impact.  The  striking  velocity  was  determined  by 
applying  the  drag  correction*  behind  the  gelatin,  three  large  foil  screens 
were  used  to  obtain  the  path  coordinates,  bullet  velocity  and  the  velocity 
loss  per  foot  of  air  travel  In  the  yawed  orientation,  'ihe  experimental  value 
of  iocs  in  velocity  per  foot  of  travel  wac  then  used  to  determine  the 
residual  velocity. 


CONFIDENTIAL 


CONFIDENTIAL 


‘IXINKJ  I>KNT1A‘.)  MKAN  iJHAfi  iroNKKJf ■  t  KN’!’  IN  (IKLATIN 

coefficient.  K  ,  ir  .Iri'iifcd  l.y  the  ..-t-uaUon 

drtl*i  I'wtfcv  -  ™  V  -  -  K  d*’.  V' 

Lg 

«,  V  and  u  ;ir  she  man;:,  veluc  i.tv  fm«l  diameter,  respectively,  of  the 
bullet;  |«  is  1.1k  dettsj  ly  «>;  ,->•  I ;il.i i: ;  and  x  is  the  diutunee  penetrated. 
Integrating  the  above  equation  we  obtain 

m  -  v;  f  Si,.u:  (1) 

where  X  is  tin:  ’.hieiiness  of  tile  gelatin  and  equals  nix  inches. 

.■’or  u  given  shu;*,-  of  projectile,  the  value  ol'  Kj^depends  on  the  angle  of 
yuw  und  on  the  velocity  and  Reynolds  number  during  penetration.  Because 
our  bullets;  tumble,  tlie  vai.ue  of  will  vary  widely  during  penetration.- 
i‘he  mean  value  is  defined  by  the  equation 


4k 

V"  *  ( 


Inserting  this  definition  in  equation  CD,  we  obtain 

'  » 

V^)  -  e*p  (  -  X)  .  (1ft) 

'Iho  velocity  and  energy  losses  are 

i 

(-ef  ic0i,  X)]  (2) 

“  5  mV.2  [l  .  uxp  i^.  X)]  (3>. 

All  quantities,  except  K^,  lu  equat  ion  (.LA)  wei*e  experimentally  deter- 

win<-u.  IJolving  C J  A)  lor  K^by  inserting  exjierimentul  values  of  the 
remaining  parameters,  the  value  of  K^,iu  determined,  The  value  of 

will  dcq>erul  on  the  impact  angle  of  yaw,  the  relation  between  yaw  angle 
and  distance  penetrated,  the  velocity  and  Reynolds  number.  However,  two 
conditions  which  simplify  the  dependence  of  L.  are  appropriate  to  the 
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(UKOKKT'  kKHII.'K:  FOK  'J1IK  / ,'j  OAl.IUiiK  uGIVK  BULLET 
*ii2££ty  *■'*»-.  £■£  ti  Function  t >f  gtrlking  Velocity  und  Yaw  Angle  at  Impact 

A  number  ol  l wrings  into  six  inches  of  ge LuL .  'were  made  with  the  7 •  5 
riu  IL'e;*  tangent  ■  »g  Lve  projectile  iii  order  Lu  measure  the  effect  of  the 
Impact  yaw  angle  ,  on  the  velocity  loot,  AV,  by  the  projectile  through 
the  six-inch  gelatin  block.  For  these  ten  to  the  str^  king  velocity,  V  ,  wa3 
held  ul  about  yj^O  ft/ see.  a  plot  of  AV  uu  u  function  of  h  is  given  by 
the  upper  curve  of  Figure  For  V  of  ubou  vyVj  ft/sec..  Figure  t>  shows 
tliut  the  initial  impact  an^ie  hud  u  significant  effect  on  AV  when  6  <C  2°; 
but  ut  ^  f>  (  '/*  there  was  little  change  in  AV. 

a 

Using  the  observed  residual  velocities  at  V  -  j'JiO  ft/3ec.,  the  mean 

li 

drag  coefficient  was  computed  by  means  of  equation  (iA)  for  the  tumbling 
bullet  over  its  six- inch  jiath  in  gelatin,  'l’he  mean  drag  coefficient, 
is  sliowu  on  Figure  !  .  In  Reference  1,  Kent  shows  theoretically  that  the 
relation  between  yaw  angle  und  distance  penetrated  is,  in  a  first  approxi¬ 
mation,  independent  of  the  striking  velocity.  One  infers  that  the  curve 
of  K^,  Figure  V,  holds  for  striking  velocities  other  than  i>950  ft/sec. 

To  test  this  inference,  measurements  of  AV  were  made  at  a  striking  velocity 
.of  2u(i0  ft/sec;  a  curve  predicting  values  of  AV  based  on  Figure  7  war.  also 
computed.  The  agreement  between  the  predicted  curve  and  observed  values  of 
AV  is  shown  by  the  lower  curve  of  Figure  o.  We  conclude  that  the  curve  of 
K^,  Figure  l ,  proviues  the  basis  from  which  one  can  compute,  by,  means  of 
Equations  («.’)  and  0 ) .  the  dependence  of  AV  and  AF.  on  striking  velocity  and 
impact  yaw  angle  for  this  bullet.  ’Che  computed  energy  loss  at  two  striking 
velocities  is  Illustrated  on  Figure  ti. 

To  extend  the  curve  of  Figure  {  doth*  to  o .  -  0,  firings  were  conducted 
at  a  real  range  of  200  meters.  The  measured  striking  und  residual  velocities 
of  the  bullet  over  o  inches  of  gelatin  nre  given  below  for  the  average  of  10 


rounds . 


Muzzle  Velocity,  ft/sec 
Striking  Velocity,  ft/ sec 
Residual  Velocity,  ft/scc 
AV,  ft/ sec 
AE,  joules 
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fo-vunevinenis  ox'  the  yaw  angle  in  air  nt  ur  the  muzzle  resulted  in  an 
avert!,;.'  valuer  of  \»°.  This  average  yaw  wan  no od  aa  the  initial  condition 
In  the  subsequent  yaw-range  computation. 

'fie  amplitude  of  the  yaw  angle  decreases  vilL  range.  For  some  large 
projectiles,  the  dumping  coefficient  is  known.  For  the  Caliber  .lit-  bullet,  •. 
Mr.  Maynard  Piddinghon  of  the  Exterior  Ballistics  Laboratory,  URL,  estimated 
the  ynw  angle-range  function  baaed  upon  ila!  a  ''or  larger  projectiles.  The 
estimated  function  is  shown  on  Figure  9*  It  is  estimated  that  &  damps  to 
sn  arly  :urc  degrees  at  if’!.:  meters. 

The  Velocity -Range  Relation 

Partial  information  from  three  sources  was  used  to  obtain  the  bullet 
velocity  as:  a  function  of  range.  One  source,  Reference  5,  gave  a  curve  of 
drag  coefficient,  in  air  for  a  projectile  model  of  approximately  the  same 
chape  out  to  Mach  P.6.  A  second  source  was  recent  data  obtained  at 
Frankford  Arsenal  for  the  caliber  .14  bullet.  The  Frankford  data  indicates 
a  velocity  of  2530  ft/sec  at  iy>0  ft.  for  a  muzzle  velocity  of  4410  ft/sec. 
The  third  source  was  an  experimental  value  of  drag  coefficient  obtained  near 
the  muzzle  by  the  authors;  this  value  was  .125  at  Mach  J. 83.  A  drag 

coefficient  curve  was  constructed  which  van  compatible  with  the  experimental 
data  and  close  to  the  curve  of  Reference  5»  It  in  given  on  Figure  10. 

Probability  of  incapacitating  Personnel 

The  incapacitation  capability  for  a  penetrating  missile  is  expressed 
in  BRL  TN  1297  in  terms  of  the  conditional  probability,  Phk’  that  a  random 
hit  on  the  human  target  will  incapacitate  within  a  certain  time,  under  a 
particular  condition  of  military  stress.  Partial  incapacitations  ore 
included.  For  the  analysis  of  this  report, • the  l/P-minute  assault  situa¬ 
tion  was  considered. 

The  curve  of  estimated  P^  as  a  function  of  range,  out  to  400  meters, 
is  given  in  FJrjirc  11.  For  the  caliber  .14  bullet  at  ICO  meters,  P^  =  .64 
and,  at  400  meters,  P^  -  JiO.  For  comparison  Figure  11  also  chows  curves 
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for  the  MtfO  (J..ud  core)  and  Kf>9  (steel  core)  lUy-^ain  7.622am  NATO  bullets 
which  aiv  ov  ••  cl  limes  heavier  than  the  caliber  .14  bullet.  Since  the  M80 
deformed  on  impact,  its  results  do  not  provide  a  fair  comparison  with  the 
caliber  .14  bullet.  Comparing  the  M99  results  with  the  caliber  .14  results. 
Pi  (jure  11,  we  see  that  the  7*6' -’mm  projectile  at  300  meters  results  in  an 
estimated  value  of  P^  onl:,  7  percent  higher  than  for  the  caliber  .14 
bullet;  at  4 00  meters  the  7«6T^nm  bullet*:;  value  of  is  30  percent  hitler. 
Figure  II  indicates  tliut  at  short  ranges,  loss  than  JO  meters,  the  value 
of  Pj  for  the  culibor  .3.4  bullet  is  grt-uter  '-a.  ,'fy.  Hence,  a  caliber  .14 
veupon  may  be  particularly  suited  to  /'uex*rilla  anil  anti-guerrilla  warfare 
or  ac  a  patrol  weapon.  0i.her  considerations,  not  covered  in  this  report, 
such  us  accuracy,  weapon  weight,  ammunition  weighs,  etc.,  are  required  in 
order  to  assess  the  military  value  of  a  caliber  .14  weapon. 
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hk 

A  l!imii:i>h>  ri--:*.l  no::*.-  proj«  ctiie,  Figure  4,  was  Fired  into  gelatin 
For  comparison  wiUi  tin.  Y.c-caJ  i bor  ogive  projectile.  Design  charac¬ 
teristics  cutqiare  a:;  Follow:;: 


No:i«  ;>1ui|k- 
ll'-raisphei- 

Y.9-Cui..  Tangent  Ogive 


Center  oJ'  Gravity 
From  linsc ,  Cv  K 

I  .OO 

•-9* 


Moment.  of  Inertia, 

*  2 
Grs-in 

Axial  Transverse 

.039  .399 

.0  iC  .44$ 


At  an  uveragv  striking  velocity  of  v/jO  I’t/uec .  iJie  hemispherical  nosed 
projectile  went  through  the  gelatin  block  without  tumbling.  Experimental 
results  For  h,  1  '  ar<  given  below. 


Ni 


oiui()e 


Hemisphere 

Y.i-CaL.  Tangent  Ogive 


AV 

Kt/tV-e 
.'5  Y0 

i it*  v , 


AV 

Joule 

'  't  k*.  ■ 

•  /* 

'j  yj 


Estimated  Value 


of  P, 


hk 


.70 

.81 


Because  the  iieraisjjhericni  nose  projectile  in  stable  in  gelatin,  its  drag 
coefficient  in  gelatin,  K^r,  is  .tnde|ienderit  of  6t.  For,  all  pertinent  values 

of  h. .  From  the  above  firing  dais:  For  this  projectile  the  value  of 

is  found  to  be  .14.  By  means  of  Equation  (3)  we  can  compute  the  function 
AE(Vo)  for  the  laaitispher  Leal  mos«-  projectile  and  can  compare  it  to  the 

Y. ^-caliber  tangoui.  ogive  projectile  .  re  a:  •uegeu.  i'lie  comparison  1  or 

equal  muzzle  veloo  Lty  is  presented . 
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At  very  short  ran,-;'.'::  the  value  of  P  for  the  ogival  projectile  is  higher 

IlK 


because  its  value  of  &  is  uigh  and  it  tumbles  rapidly.  At  ranges  of 

100  to  :.’00  muter:',  the  value  of  P,  ,  for  each  bullet  type  is  about  the  same. 

hk 

'i‘he  higher  striking  velocity  of  the  ogival  projectile  compensates  for  its 
slow  tumbling.  At  vang'-s  .yeutcr  than  f'oO  meter-':  the  value  of  P  for  the 
ogive  nose  bullet  is  higher  because  ol"  iLs  appreciably  higher  striking 
velocity.  We  conclude  that  the  7 . >-ealibor  ogive  bullet  if'  more  lethal  than 
the  hemispherical  nose  bullet. 

The  lust  table  ejaphasiv.es  the  imiortance  of  striking  velocity  as  a 

contributor  to  the  value  of  F  .  It  suggests  that  a  long  ogive  projectile 

hk 

my  be  more  lethal  than  the  Y.:>-eaLil>ev  ogive  projectile.  Preliminary 
estimates  support  this  suggestion.  'L’hus  at  *>00  meters,  an  11 -caliber  ogive 
projectile  would  have  a  striking  energy  about  i.  percent  greater  than  a 
7. ‘^-caliber  ogive  projectile:  values  01’  6  would  Ik.-  nearly  equal;  and  the 
Umiuvcrsu  moment  of  the  longer  nosed  projectile  would  be  only  5  percent 
higher.  Jl'-nce  v».  recommend  that  the  lethality  of  a  long  nosed,  caliber  .14 
projectile  be  investigated. 

/J  '1  //Ju^ 

CHESTER  CKABAKEK  ANTJlwHY  HICCHIAJV.I  DENNIS  PUNN 
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JURE  I  GELATIN  RADIAL  DAMAGE  FOR  A  CALIBER  .14,  7.5  CAL. 

TANGENT  OGIVE  PROJECTILE  Vs  »  3930  FT. /SEC.  (u) 
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(CONFIDENTIAL)  FIGURE  2- GELATIN  RADiAL  DAMAGE  FOR  A  CAL.JER  .14,  7.5  CAL 

TANGENT  OG’VE  PROJECTILE  Vs  =  2680  FT/SEC.  (’J) 


DISTANCE  IN  GELATIN,  INCHES 


CONFIDENTIAL 


CONFIDENTIAL 


SPARK  UNITS 


FIGURE  7. 

(SKCRiT)  K0g  OVER  SIX  INCHES  OF  GELATIN 
CAL.- BE R  .14(75  CAL  TANGENT  OGIVE)  PROJECTILE  ft) 
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FIGURE  8. 

_ (secret)kinETIC  ENERGY  UDSS  FOR  CALIBER  .W  (7.5  CAL.  TANGENT  OGIVE) 

too-  -j  PROJECTILE  fHROLGH  SIX  iNCHES  OF  GELAT'N  (") 
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IMPACT  ANGLE,  86, DEGREES 


(SECRET)  FIGURE  9 -yaw  angle  versus  range 

CAUSER  .14  {  7.5  CAL  TANGENT  OGIVE  )  =>ROJEC*.  H 
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RANGE,  R  (METERS) 


mach  Dumber 


FIGURE  II 

(SECRET)  P..  (1/2  MINUTE  ASSAULT)  CALIBER  .14  (7.5  CAL  OGIVE)  BULLET 


SECRET 


i 


RANGE,  METERS 


DISTRIBUTION  LIST 


No.  of 

Copies  Organization 


No.  of 
Copies 


10  Commander  1  Commanding  Officer 


Armed  Services  Technical 
Information  Agency 
ATTN:  TIPCR 
Arlington  Hall  Station 
Arlington  12,  Virginia 

1  Director  of  Defense  Research 

and  Engineering  (0j3D) 

ATTN:  Director/Ordnance 
Washington  25,  D.C. 

1  Chief  of  Ordnance 

ATTN:  ORDTB  -  Bal  Sec 
Department  of  the  Amy 
Washington  25,  D-C. 

1  Commanding  General 

Frankford  Arsenal 
ATTN:  Mr.  John  Ragan 
Philadelphia  37,  Pennsylvania 

3  Commanding  Officer 

Picatinny  Arsenal 
ATTN:  Feltman  Research  and 

Engineering  Laboratories 
Dover,  New  Jersey 

1  Commanding  Officer 

Diamond  Ordnance  Fuze  Laboratories 
ATTN:  Technical  Information  Office 
Branch  012 
Washington  25,  D.C. 


U. S.  Army  Chemical  Research  & 

'  Development  Laboratories 

ATTN:'*  Dr.  Dziemian 

Army  Chemical  Center,  Maryland 

1  Commanding  General 

U Continental  Amy  Command 
Fort  Monroe,  Virginia 

1  President 

U.S.  Army  Infantry  Board 
Fort  Benning,  Georgia 

1  Commandant 

The  Infantry  School 
Fort  Benning,  Georgia 

1  Commandant 

Army  War  College 

ATTN:  Library  -  F229 

Carlisle  Barracks,  Pennsylvania 

1  Chief  of  Staff,  U.S.  Army- 

Research  and  Development 
ATTN:  Colonel  J.B.  Hartgering 
Room  3DL22 
Washington  25,  D.C. 

5  Chief,  Bureau  of  Naval  Weapons 

ATTN:  DIS-33 
Department  of  the  Navy 
Washington  $5,  D.C. 


2  Commanding  Officer 

Springfield  Armory 
ATTN:  Mr.  F.  Chakour 
Mr.  E.  Harvey 

Springfield  1,  Massachusetts 

1  Commanding  General 

Ordnance  Weapons  Command 
ATTN:  Mr.  Gordon  Gnam 
Rock  Island,  Illinois 


1  Commander 

U.S.  Naval  Ordnance  Test-  Station 
ATTN:  Mr.  R.T.  Gray  -  Code  121 
China- Lake,  California 

1  Director 

Marine  Corps  Landing  Force 
Development  Center 
Marine  Corps  School 
Quantico,  Virginia 


29 


DISTRIBUTION  LIST 


No.  of 

Copies  Organization 

10  The  Scientific  Information  Officer 

Defence  Research  Staff 
British  Embassy 

3100  Massachusetts  'Svenue,  N.W. 
Washington  8,  D.C. 

4  Defence  Research  Member 

Canadian  Joij.t  Staff 
24-50  Massachusetts  Avenue,  N.W. 
Washington  8,  D.C. 


30 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  RESEARCH,  DEVELOPMENT  AND  ENGINEERING  COMMAND 
ARMY  RESEARCH  LABORATORY 
ABERDEEN  PROVING  GROUND  MD  21005-5066 


AMSRD-ARL-O- 10- SC  (APG)  (380) 


14  October  2005 


MEMORANDUM  FOR  SEE  DISTRIBUTION 

SUBJECT:  Distribution  Statement  -  Ballistic  Research 

Laboratories  Memorandum  Report  No.  1409 


1.  Reference:  Ballistic  Research  Laboratories  Memorandum 
Report  No.  1409,  "Estimated  Incapacitation  Probabilities  of 
Caliber  .14  Bullets"  by  Chester  Grabarek,  Anthony  Ricchiazzi, 
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